been systematically redesigned has been created and characterized [9, 10]. They are named for the identity of residues at Introduction the "a" and "d" positions in a layer and the number of repacked layers. These variants display a wide range of structural and A major goal of protein design and engineering is to construct thermodynamic properties. Among those with a conserved stable protein frameworks on which to engineer functionality. core volume are variants with wild-type RNA binding affinity An understanding of the factors that contribute to protein sta-(suggesting a structure close to that of Rop) that have signifibility and define structure is therefore essential for successful cantly enhanced thermal stability and nativelike thermodyprotein design. It has long been recognized that a key feature namic properties (Ala 2 Leu 2 -6 and Ala 2 Leu 2 -8); variants with of natural proteins, and the major driving force in their folding, the above thermodynamic properties that do not bind RNA is the existence of a solvent-inaccessible hydrophobic core.
thermal stability.
Results and Discussion chain volume and hydrophobicity, any structural and thermodynamic differences between Ala 2 Leu 2 -6 and Ala 2 Ile 2 -6 are, Design and Initial Characterization Rop variants were generated by replacing the core residues therefore, primarily a consequence of the different side chain stereochemistries of leucine and isoleucine. (Figure 1a ) of the heptad repeat with a regular pattern of hydrophobic amino acids. One of the first and most conservative
The initial characterization of Ala 2 Ile 2 -6 demonstrated that it is highly helical with a circular dichroism (CD) spectrum similar mutants created was Ala 2 Leu 2 -6 [9] , in which the middle six layers of the hydrophobic core incorporate alanines in the "a"
to that of wild-type Rop. Furthermore, Ala 2 Ile 2 -6 maintained nativelike thermodynamic properties illustrated, for example, positions and leucines in the "d" positions. Ala 2 Leu 2 -6 has nativelike structural and thermodynamic properties, binds RNA by a cooperative and reversible thermal unfolding transition (Figure 2a, inset) accompanied by a large change in the heat with wild-type affinity, and has a significantly higher melting temperature than that of wild-type Rop. To investigate the capacity (Table 1) . Ala 2 Ile 2 -6 was shown to be a dimer by both sedimentation equilibrium centrifugation and multiangle laser importance of side chain geometry in packing the core of Rop, we created Ala 2 Ile 2 -6 with alanine in the "a" positions and isolight scattering measurements (data not shown). However, the electromobility shift assay for protein-RNA interaction [25] leucine in the "d" positions of the middle six layers of the core (Figure 1b) . Because isoleucine and leucine share similar side demonstrated that Ala 2 Ile 2 -6 had completely lost the ability to a Values in parentheses are for the high-resolution bin. Data sets for crystals 1 and 3 were processed nonanomalously, whereas those for crystal 2 were processed anomalously.
(h)| where I i (h) is the i th measurement and ϽI(h)Ͼ is the mean of all measurements of I(h) for Miller indices h. c R iso
where |F PH | and |F P | are the measured structure factor amplitudes of the derivative and native structures. We must point out that these models, some of which look quite good, represent a worst-case scenario; for consistency, restraints were placed on the annealing and minimization procedure, which bias the models. To maintain the integrity of the models when imposing a different sequence onto the starting structures, we employed harmonic point restraints on the backbone atoms. However, as mentioned earlier, Ala 2 Ile 2 -6 attains tighter overall packing in the hydrophobic core by moving the helices closer together. Thus we would expect cavity formation and reduced core packing when forcing the Ala 
